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CHARACTERIZATION OF YBCO FILMS BY TORQUE MAGNETOMETRY
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YBaCuO films with c- or a-axis texture were prepared by laser deposition and sputtering. From
rotational hysteresis losses critical current densities and pinning forces are calculated. The torque
relaxation gives activation energies in the range of 0.21 to 0.37 eV. Characteristic differences of
critical current densities and activation energies are related to the film microstructure.

1. INTRODUCTION

One of the most challenging problems with high-
T superconducting materials is the understanding
of the critical current density in terms of the
microstructure. Especially, in the case of
quasiepitaxial thin films the pinning effect of different
lattice defects is not yet completely understood and,
consequently, the relation between deposition
parameters and pinning properties of the films is
only empirically established. The situation becomes
even more complicated by the pronounced
anisotropy of the superconducting properties. It was
shown recently that torque magnetometry is a
useful method for the investigation of
superconducting single crystals (e.g. 1»2). In the
present paper we report on results obtained by
torque measurements of thin films prepared in
different ways.

2. EXPERIMENTAL

YBasCugOy_y films were deposited on (100)
crystals of SrTiO3. We compare here three typical
films prepared in the following ways.
Film A was deposited by laser ablation using an
excimer laser (308 nm, 0.5 J, 5 Hz). During
deposition the substrate was heated up to 750°C
and the oxygen pressure was kept at 0.25 mbar.
Then, the film was cooled down to room temperature
in 1 bar oxygen for one hour. The film resistivity is
0.3 mQcm (300 K) and the T,(R=0) is 90 K. It isc-

axis textured with a rocking-curve linewidth of the
(005) film reflex of 0.7°,
The films B and C were prepared in two steps:

(i) rf-planar magnetron sputtering from a ceramic
YBay 3Cug07_y target in argon gas at 105 bar with
oxygen of a partial pressure < 1078 bar, substrate
temperature <250°C and a deposition rate of
1.2 um/h;

(i) annealing in oxygen (1 bar) at a temperature
T, for ten minutes and cooling down to T < 300°C
within 5 hours. Annealing temperature was 900°C
and 8700°C for the film B and C, respectively.

Film B exhibits prevailing c-axis texture with a (005)
rocking-curve linewidth of 0.4° and residual a-axes.
Film C shows a-axis texture with a (200) linewidth of
0.69. The resistivity is 22mQcm and about 10 mQcm
and the T, values are 85 K and 86 K for the film B
and C, respectively.

Measurements by means of a sensitive torquemeter
were performed for rotation of the magnetic field
within a plane either perpendicular or parallel to the
film plane. In the latter case the film was carefully
oriented with its plane parallel to the field-rotation
plane. For fixed field directions the torque relaxation
was measured. From in-plane torque curves the pin-
ning force per unit length can be estimated whereas
the out-of-plane curves permit the calculation of
critical current densities3 The experiments were
carried out at 79K in fields of 16 kA/m<H<640 kA/m.
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3. RESULTS

The torque density G/V is shown in Fig. 1 for out-
of-plane measurements as a function of the angle
¥ between field and film normal. Figure 2 gives G/V

curves for in-plane measurements as a function of
the azimuth ¢ . Both figures are taken for fields in the
range Hgyy<< H << Hpo.
For field rotation in a plane perpendicular to the film
plane (Fig.1) we observe torque extrema near
9¥=90° which are considerably different with respect
to both shape and magnitude for the three films.
Under the assumption that the magnetization is
perpendicular to the film pIane1 Hagen et al.3
calculated the critical current density j. from the
torque difference AG in increasing and decreasing
field H at a fixed angle 8 according to

ic = 3AG/(2RVgHsin © ) (1)
where R and V mean the radius and the volume of
the film, respectively. As proved in4 the same ic
value is obtained if AG is taken from the torque
curves for clockwise and counter-clockwise rotation
in a constant external field. The latter method was
used to derive the resuits of Fig. 3 in dependence of
the field direction. Fig. 4 shows the torque relaxation

after stopping the field rotation at an angle 9=, in a
logarithmic time scaling.

4. DISCUSSION

Detailed investigations of YBasCugzO7._y crystals
revealed spike shaped torque extrema in each case
when the field direction is crossing the CuO planes2
in accordance with a model published by Tachiki
and Takahashi®. The torque spikes at 9=90° in Fig.
1a and 1b can be ascribed to the same effect since
the films A and B are c-textured with their CuO
planes parallel to the film plane. This conclusion is
supported by the absence of any spike in the torque
curve of film C (Fig. 1c). The spikes are
superimposed on sine shaped background losses
which may be explained by assuming a nearly
rectangular hysteresis loop M(H) perpendicular to
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FIGURE 1
Torque curves for rotation of the external magnetic

field (H=4x105A/m) perpendicular to the film plane
for films A, B and C (T=79K)
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FIGURE 2
Torque curves for rotation of the external magnetic

field (H=4x105 A/m) within the film plane for films A,
B and C (T=79 K)

the film plane and a neglegible magnetization
component parallel to the film plane1.

Fuhrmans and Heiden® gave a relationship bet-
ween the pinning force per unit length of a vortex fp
and the irreversible in-plane torque G;;, = (G*-G7)/2:

fp = 3nGjyy 0o/ (4uoHVR) (2)

where G* and G™ mean the torque measured during
clockwise and counter-clockwise field rotation,
respectively. ¢, is the flux quantum, V and R are the
volume and the radius of the sample.The films
exhibit nearly isotropic behaviour with respect to the
angular dependence of Gj,. However, the rever-
sible torque contribution Gpg,=(G*+G")/2 is clearly
anisotropic for the film C with a fourfold periodicity
exhibiting two easy axes which are located at the
two possible orientations of the CuO planes.
Applying formula (2) to film A of Fig.2 we get
fo= 1.5x10°9N/m.7 However, in contrast to Fuhr-
mans and Heiden who considered rather thick
cylindrical plates, we have to take into account the
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FIGURE 3
Dependence of critical current density on field
direction (T=79 K)
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FIGURE 4
Relaxation of the torque at 79 K for films A, Band C

influence of the London-penetration depth for
which the value at 79 K was used for all films
regardless of their different T values. The corrected
fp values are given in the following table:

Film & 08 D corrected f
(wm) (um) (N/m)

A 0.45 0.6 2.7-10-8

B 0.45 1.9 8.0-10-10

c 0.13 1.5 1.7-10-10

However, these fp values are yet much smaller than
values calculated from critical current densities. The
critical current densities (Fig. 3) determined by
means of equation (1) are an order of magnitude
smaller than the values obtained with transport
measurements. This discrepancy was observed
already by Fischer et al.® for jc values derived from
magnetization curves. The angular dependence of
jc shows typical maxima at 9=90°2 which are also
found with transport measurements by Roas et al.10.
The curve of film C shows no maximum in
accordance with the explanation of the j, spikes by
CuO-plane pinning.

Griessen et al.11 calculated the activation energy U

for flux motion from the magnetization relaxation.
The corresponding formula for the torque is

Gt-t) _ 1-(kT/W)n[(t-t')/1)

G(t) 1-(KT/U)In(t'/t) (3)
Here, t' means the time for the beginning of a nearly
logarithmic relaxation. Taking for T a possible range
of 100125 < 1<10€6 511 we get the activation
energies (0.37x0.05) eV, (0.23%+0.05) eV and
(0.2110.05) eV for film A, B and C, respectively. For
t < t' there are considerable differences between the
relaxation curve of film A and the two other curves.
The latter exhibit during the first seconds a rather
strong decrease which may be explained by the
existence of many shallow pinning valleys in the
films.
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